We study the diffusion of water in weakly-hydrated samples of the smectite clay Na-fluorohectorite. The diffusion process.
INTRODUCTION
Fluorohectorite is a synthetic smectite with formula Xx(Mg3-xLix)Si4O10F2 per half unit cell, where X is a cation (Na, Ni, Li, Fe). It is polydisperse, with platelets sizes ranging from a few tenth of nm up to a few micrometers, and has a large surface charge1) (1.2 e-per unit cell, against 0.6 for montmorillonite) which causes platelets to remain stacked in water suspensions, even in low saline environment. These stacks are strengthened by the presence of the intercalated cation X, which is shared by two adjacent silica sheets in the stack. They contain on average around 80 platelets2). As for natural smectites, water molecules can also intercalate inside theses nano-layered particles, causing them to swell in a stepwise molecular packing process3-5) where some configurations are thermodynamically favoured and interpreted as "water layers" successively intercalated in the stacks. horizontally, with its length perpendicular to the incoming X-ray beam, and a scattering spectrum was recorded in a vertical plane, using a 3-circle Huber diffractometer and a NaI scintillation point detector. The scattering geometry is shown in Fig. 2 .
Sample holder
The sample was placed on a thermally-controlled copper block, as shown in Fig. 3 (a) , with heat-conducting paste in between them. The temperature control setup allowed both cooling and heating of the copper block, and consisted of a Peltier element placed under the block, a thermistor to measure its temperature, and a computer-controlled PID system to adjust the Peltier's excitation to the measured temperature. The Peltier was applied a reference temperature on its side opposite to the copper block, in the form of water circulating from a regulated water bath. The temperature of the bath could be changed so as to increase the range of temperature available in the copper block. The overall precision of the temperature control system was found to be around 0.01K. The sample environment was also controlled in humidity. It was sealed along its length and in contact with two reservoirs at its ends. Air with a controlled humidity was circulated separately in the two reservoirs, which allowed to impose different controlled humidity levels at the sample ends, and therefore to impose a humidity gradient inside it. A picture of the sample holder as it was during the experiment is presented in Fig. 3 (b) . It features the sample (i) on its holder, the two pairs of plastic tubing (ii) at each end of the sample, and the temperature sensor (iii).
Experimental protocol
The experiments were initiated in the following way. Prior to the scattering measurements, the samples were maintained at carved onto the top surface of the copper block. For that reason we had to treat higher order peaks when working with the sedimented samples, while for powder samples we could use the first order peaks, which are also the better resolved ones. For that reason we only present, in what follows, data obtained from the powder samples.
Hydration transition at a given position Fig. 5 (a) is a close view of the spectrum measured at a position 1=7.0mm from the wet end of the sample, at different times after the diffusion process has started. The width of the beam was 3mm. As water diffuses inside the sample, the relative humidity in the scattering volume increases. Consequently, water starts intercalating in some of the scattering particles. This is marked by a decrease in the intensity of the peak characteristic for the pure 1WL hydration state, and the appearance of an asymmetry in its shape. This asymmetry evolves into a broad and low intensity peak that appears between the 1WL and 2WL peaks. This is characteristic of the existence of scatterers in various coexisting mixed Hendricks-Teller intercalation states, with In order to better understand the connection between the intercalation front and the diffusion of water in the mesoporous space, we plan to precisely determine which relative humidity value (or vapor partial pressure value) triggers the intercalation of a second layer of water. This shall be done through carefully temperature-and humiditycontrolled intercalation experiments on a very small amount of clay powder, with gravimetry and wide angle X-ray scattering measurements. With those measurements coupled to microfocus WAXS diffusion experiments, we eventually hope to be able to confront our data to theories for anomalous scattering13-14), like in a recent study on related systems15).
The results presented here were obtained on powder samples. For reasons explained earlier, sedimented samples, where clay particles exhibit a marked alignment along the horizontal plane, did not provide data where the 001 peaks could be analyzed. Another prospect of the study is to solve this technical problem in order to compare the typical diffusion time scale for those samples, as opposed to the isotropic samples.
